The ability to select the most appropriate materials for a given application is the fundamental challenge faced by a design engineer. The objective of any material selection procedure is to identify appropriate selection criteria and to obtain the most appropriate combination of criteria in conjunction with requirements. Hence, selection of material is a multicriteria decision making problem. This study investigates and evaluates critical material selection criteria in a priority framework using the fuzzy Delphi-analytical hierarchy process method to overcome all shortcomings from AHP and Delphi methods that are common in material selection problem. 75 of the most important criteria for material selection have been collected from the literature. These criteria have been questioned in automobile interior design firms in Iran for car dashboard design. This ranking method would help product designers to decide on appropriate materials in a consistent method. Results indicate that "general" criteria such as availability, quality, risk, and technology are the most important criteria from the viewpoint of Iranian car manufacturers. Other criteria such as financial, technical, social and environmental, and sensorial criteria are relatively important in subsequent ranks.
Introduction
Many countries are moving towards the globalization of their economy in order to achieve lower cost of production and services. This trend is seen mostly in status of global production mostly in Asia and developing countries. Increasing the tendency for industrialization and globalization in developing countries has provided more opportunities for productive industries. On the other hand, these factors have influenced the environment and increased the environmental pressures on manufacturers [1] .
Product design is the most strategic phase to control environmental impact during a product's life cycle, whereby designers play a significant role in reducing environmental impact from selection of materials, manufacturing processes, product usage, and end of life treatment [2] . Designing products that are easily recycled will support the effectiveness of the recycling process and thus will prolong material usage and support natural resources preservation. This must also be supported by the selection of high recyclable materials [2] . An ever increasing variety of materials is available today with each having its own characteristics, applications, advantages, and limitations [3] .
With the availability of a large number of materials and to fulfill the requirements of the manufacturing industries, material selection today became quite a complicated task [4] . Improvement in production performance, reduction in costs, and environmental sensitivity are generally related to the selection of materials [5] . The complex interrelationships between a variety of materials and their selection criteria frequently make the material selection process a difficult and time consuming task. Hence, a systematic and efficient approach to material selection is necessary in order to select the best alternative for a product [6] . Material selection has great importance in the design and development of products and it is also critical for the success and competitiveness of 2 Advances in Materials Science and Engineering the producers. Improper selection of materials may result in damage or failure of an assembly and significantly decreases the performance of products, thus negatively affecting productivity, profitability, and reputation of an organization [7] .
Material selection criteria influence the selection of a material for a given application. These criteria include physical, mechanical, electrical, magnetic, chemical, and manufacturing properties (e.g., machinability, formability, weld ability, cast ability, and heat treatability). Moreover, cost, shape, environmental impact, performance characteristics, availability, fashion, market trends, cultural aspects, aesthetics, recycling, and target group are the other criteria taken into account in material selection [8] . Deng and Edwards [9] emphasized that the process of materials selection should be combined with structural optimization. Therefore, the ability to select the most appropriate material for a given application is the fundamental challenge faced by a design engineer which is a multicriteria decision making (MCDM) problem [10, 11] . There is a need for simple, systematic, and logical methods or mathematical tools to guide decision makers in considering a number of selection attributes and their interrelations [3] . In order to address the issue of material selection and to increase the efficiency in design process, a variety of methods had been proposed in the literature [7] .
The objective of any material selection procedure is to identify appropriate selection criteria and to obtain the most appropriate combination of criteria in conjunction with the real requirement. Efforts need to be extended to identify those criteria that influence material selection for a given engineering design to eliminate unsuitable alternatives and to select the most appropriate alternative using simple and logical methods [3] . This problem of choosing appropriate selection criteria requires a variety of expert opinions which are sometimes conflicting. Thus, using the existing MCDM methods may face some troubles in summing up the experts' opinions.
The objective of this study is to investigate and evaluate the key material selection criteria and to study the influence of these criteria on material assessment and selection in a priority framework using the fuzzy Delphi-analytical hierarchy process (FDAHP) method, especially for car dashboard in automobile interior design firms in Iran. This method would result in easier convergence of experts' opinions and using qualitative collection of material selection criteria. Perhaps, the proposed method can be used by designers to choose material selection criteria more effectively. Section 1 introduces the background and motivation of the research. The review of the literature related to material and selection methods is cited in Section 2. The process of the FDAHP method is described in Section 3. The results are presented in Section 4. Section 5 discusses the results and conclusion and implications are presented in Section 6.
Literature Review
Selecting the most appropriate materials for high technology components used in biomedical, aerospace, and nuclear industries is particularly demanding and important to get things right the first time [12] . An inappropriate selection of materials may result in damage or failure of an assembly and significantly decreases the performance. Mainly a large number of factors are influencing the selection process in a critical issue [13] . The selection of an optimal material for an engineering design from two or more alternative materials on the basis of two or more attributes is an MCDM process [9] . MCDM consists of generating alternatives, establishing criteria, evaluating alternatives, assessing criteria weights, and application of a ranking system [14] . Different MCDM methods regularly create different outcomes for selecting or ranking a set of alternative decisions involving multiple criteria [12] . Various approaches have been proposed by researchers to solve the problem of proper material selection [9] . Table 1 presents some of the most relevant and up to date researches performed in the past five years. The authors used these literatures to select the initial set of criteria for this research.
Materials and Methods
Here, in Section 3, details of an analytical framework for evaluation and choice of criteria for the material selection are presented. Selection criteria have been identified through reviewing the literature and using the opinions and experience of experts in an automobile interior design firm. Conflicting goals and decisions in an analytical framework force decision makers to use MCDM methods [20] . MCDM methodologies are rapidly growing in the material selection whereas a large number of factors are influencing the selection process [13] . One of the widely used MCDM techniques is the AHP where the assessment of preference is performed through ratio-scale pairwise comparisons of the decision elements. The AHP is a method widely used for facilitating decision making by organizing perceptions, feelings, judgments, and memories into a multilevel hierarchic structure that exhibits the forces that influence a decision [21] . It has been proved that AHP is one of the most widely applied multiple criteria decision making methods, which has been applied for solving unstructured problems in areas of engineering [22] . It is further suggested that AHP is about breaking a problem down and then aggregating the solutions of all the subproblems into a conclusion [23] .
Decision makers offer their knowledge and information of all characteristics of the problem in order to set up the framework of the AHP analysis. However, the environment of the real world problems would make it hard for the decision makers to express their knowledge precisely, but they say it using fuzzy and ambiguous expressions. Fuzzy sets incorporated into pairwise comparison in AHP method would model this kind of ambiguousness of human knowledge. The fuzzy AHP allows more accurate description of uncertain and ambiguous knowledge of decision makers [24] .
The traditional AHP method is problematic in that it uses an exact value to express the decision maker's opinion in a comparison of alternatives [25] . AHP method is often criticized due to its use of unbalanced scale of judgments and its inability to adequately handle the inherent uncertainty and imprecision in the pairwise comparison process [26] . The Delphi research method is a flexible research technique that has been successfully used to explore new concepts within and outside of the systems of knowledge [27] . This method Advances in Materials Science and Engineering 3 replaces traditional research approaches using statistical methods. Indeed, Delphi is a method for structuring a group relationship process in a way that allows group members to be challenged by the problem. It is an iterative process to collect and modify judgments of experts using a series of data collection, analysis techniques, and brainstorming for problems, opportunities, solutions, and forecasts.
Grisham [28] and Hsieh et al. [29] used the Delphi method to send and receive questionnaires and interviews with experts. Thus, the aim of this method is to use questionnaires and expert surveys with repeatedly given feedback. Traditional Delphi method always has suffered low convergence of expert opinions, high cost of administration, and probable elimination of opinions of some individuals [23] . To overcome all these shortcomings from AHP and Delphi methods, fuzzy Delphi-analytical hierarchy process was developed for the problem of material selection.
In the FDAHP methodology a systematic qualitative method is used to collect and converge expert users of a specific topic. This process of data gathering is performed through a set of carefully designed sequential questionnaires. This sequential set of questionnaires helps the respondents to be familiar with other opinions and may correct or change their initial estimations. It deals with imprecision and subjectivity in the pairwise comparison process. Using the fuzzy set theory helps the decision makers to express their vague opinions in terms of linguistic variables. The methodology uses a range of values to incorporate decision maker's uncertainty. From this range decision makers can select the values that reflect their confidence and also can specify their attitude as optimistic, pessimistic, or moderate [24] . The stepwise procedure of the FDAHP methodology after defining the problem and determining its goal is depicted in Figure 1 and details of its steps are described in steps (A) to (I), according to Liu and Chen [20] and Kim et al. [30] .
(A) Proposing Structure of the Hierarchy. The hierarchy from the top (the objectives from a decision maker's viewpoint) through the intermediate levels (criteria on which subsequent levels depend) to the lowest level contains subcriteria and usually alternatives.
(B) Expert Survey. Experts are asked to rank (or assign scores to) the parameters influencing decision making in a qualitative or quantitative way if possible according to Table 2 .
(C) Calculating Coefficients of Variation and Content Validity.
Specifically, the coefficients of variation (CV) for the expert surveys and content validity ratio (CVR) are analyzed in the methodology of this research. In this process, if the CV value is less than 0.5, additional surveys are stopped [31] . The CVR developed by Lawshe [32] and recalculated by Wilson et al. [33] measures agreement among survey raters as to how essential a particular factor or item is. The CVR ranges from +1 to −1. A higher positive value is used as an indicator that survey experts were in agreement that a factor or item was essential. Generally, a CVR that is greater than 0.29 can be considered to be an appropriate evaluation level. The coefficient of variation is the ratio of the standard deviation to the mean. Using the CV can make it easier to compare the overall precision of the data obtained, as shown in (1), in which " " is the number of survey experts indicating that a factor or item is "essential" and " " is the total number of survey experts:
(D) Formation of Paired Comparison Matrix. In this step opinions are considered directly from the survey to formation of paired comparison matrix.
(E) Calculation of Consistency Index. Determine whether the input data satisfies a "consistency check. " If it does not, go back to Step B and redo the pairwise comparisons. In this step, the inconsistency of judgments through the matrix can be captured using the largest eigenvalue max . Given a ( × ) square matrix, a number ( max − ) measures the deviation of the judgments from the consistent approximation. The closer max is to , the more consistent is the result. The deviation of consistency is represented by the consistency index (CI) and then the consistency rate (CR) is calculated, which are defined in (2) and (3).
The random index (RI) is determined by the size of according to Alonso and Lamata [34] . Saaty [35] advised that CR is consistent in cases where it is smaller than or equal to 0.1. If it exceeds 0.1, the pairwise comparison needs to be done again or the questionnaire has to be revised: (F) Calculation of Fuzzy Numbers. In order to calculate fuzzy numbers ( ), opinions resulting from survey are directly considered. Based on logic of triangle fuzzy numbers, maximum and minimum values of expert opinions are registered as boundary point and geometrical mean is recovered as membership degree of triangle fuzzy numbers. In this case, a fuzzy number is defined as presented in (4) to (7).
In (4) to (7), shows relative importance of parameter over parameter from viewpoint of th person, and are, respectively, lower and upper limits of opinions, and is also geometrical mean of these opinions. It is obvious that fuzzy number components are defined in a way that ≤ ≤ ( Figure 2 ); these components vary in range (1/9, 9):
= Max ( ) , = 1, 2, . . . , .
(G) Formation of Fuzzy Paired Comparison Matrix. In this step, based on fuzzy numbers obtained in previous step, fuzzy paired comparison matrix for parameters is formed as presented in (8) and matrix (9): 1 , 1 ) . . . . . . . . .
( 1
(H) Calculation of Fuzzy Weight of Parameters. Relative fuzzy weights of parameters are calculated using
In these relations, ⊗ denotes multiplication, ⊕ denotes addition, and ⊘ denotes division of fuzzy numbers, in which̃is a row vector consisting of a fuzzy weight of the th factor. If and̃(shown in (11)) are two fuzzy numbers, then fuzzy multiplication, addition, and division operators are shown in (12) to (14):
⊘̃= ( ) .
(I) Defuzzification Weights of Parameters. After finding the final weights of each parameter, all values obtained become nonfuzzy based on (15) . The defuzzification is based on geometric average method; is a weight of the th factor:
Case Study
According to previous section, the first step in our research methodology after defining the problem and determining its goal is proposing the structure of the hierarchy. The evaluation criteria in our case study are identified for selection of the most appropriate material through the literature [3, 4, 7, 10-12, 18, 36-40] and experts in interior car design firms and faculties of universities. After the identification of the evaluation criteria, decision making team determines five main influencing criteria and seventy-five influencing subcriteria for the evaluation process. The identified evaluation criteria are shown in Figures 3 and 4 . For the purpose of this paper, first these five main criteria are ranked; and then in each column the rank of each subcriterion is determined due to its weight from FDAHP methodology. For the criteria suggested in automobile interior design, the stylist responsible for the design of the automobile interior develops the proportions, shape, placement, and surfaces for the instrument panel, dashboard, seats, door trim panels, headliner, pillar trims, and so forth. Emphasis of the research is on the selection of material in dashboard design (see Figure 5 ).
Results and Discussion
Different decision makers have varying objectives and expectations and their judgment is influenced by criteria in material selection from different viewpoints. So, affecting criteria have different importance levels for different consumers. For this reason, 10 decision makers that worked on design and produce car dashboard are selected from a variety of firms (automobile interior design firms) and universities for evaluation of the criteria. FDAHP method is proposed to take the decision makers subjective judgments into consideration and to reduce the uncertainty and vagueness in the decision process and to get a close-to-accurate decision maker (DM) opinion.
Firstly, each decision maker individually evaluates each criterion or subcriterion in its level by using scale in Table 2 (e.g., see Tables 3 and 4 for one decision maker evaluation). Similarly, evaluation scores from each decision maker have been collected for financial groups, social and environmental groups, technical groups, and sensorial groups of subcriteria levels. DM  G1  G2  G3  G4  G5  G6  G7  G8  G9  G10  G11  G12  G13  G14  G15  1  7  7  3  7  5  7  5  5  7  5  3  5 Decision makers from different backgrounds may define different weight vectors. They usually cause not only the imprecise evaluation but also serious persecution during decision process. For this reason, CV and CVR indices have been calculated to stop additional surveys in an appropriate evaluation level (see Table 5 ). In the next step, the consistency index and the consistency ratio have been calculated to improve pairwise comparison. The paired comparison matrix for each expert and geometric mean of paired comparison matrixes (GMPCM) are calculated to compute and confirm consistency rate (see Table 6 for first expert and main criteria level).
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Similarly, paired comparison matrices for all subcriteria have been calculated and the reliability of the expert's survey in the paired comparisons matrix is confirmed (CR ≤ 0.1), Table 7 : Consistency index and consistency rate from pairwise comparison.
Decision maker CI CR 1 0.00 0.00 All 0.00 0.00 using consistency index and consistency rate, defined in (2) and (3). For example, Table 7 shows these two indices in the main level for first DM and for all DM (GMPCM). After creating pairwise comparison matrices and confirming their reliability, fuzzy numbers have been calculated using (4) to (7) and experts' opinions in a fuzzy framework have been defined. In the next step, the fuzzy Delphi paired comparison matrix for experts has been created using (6) and using the opinions from the converted survey to fuzzy numbers. Table 8 is an example of the results for the criteria listed in the main level.
Relative fuzzy weights were calculated in the next step using (10); and finally crisp weights for each criterion and subcriterion were calculated using (15) (defuzzification process). The ranking of all criteria and subcriteria is performed in their level and group considering these crisp weights. For example, Table 9 shows the results of fuzzy and crisp weights and also the ranking scores for each criterion in the main level. Similarly, fuzzy and crisp weights and ranking scores for other subcriteria and sublevels and their groups have been calculated and are presented in Tables 10-14 .
As results show, in material selection "general" criteria listed in Figure 4 are the most important and effective among other main criteria followed by financial, technical, social-environmental, and sensorial criteria. These results are especially applicable for car dashboard in automobile interior design firms in Iran. This means that, in this case study, availability is the most important criterion followed by flexibility in design, quality, technology, purchase-ability, resource limitation, functionality, end of life cycle, performance, transportation, process-ability, resourcefulness, user appeal, risk, and location.
Conclusions
Decision makers usually select the best alternative based on ranking orders of a selected MCDM method, whereas different MCDM methods often produce different outcomes for ranking a set of alternative decisions. Material selection problems in the engineering design processes and a new Advances in Materials Science and Engineering 9 model that covered the most important criteria in material selection are presented. Delphi and AHP are two common, important, and functional methods in MCDM but have their own shortcomings. The fuzzy Delphi-analytical hierarchy process method is applied to overcome these shortcomings in a fuzzy environment. In this method, experts' opinions are converged to an appropriate set of criteria.
The FDAHP methodology is a quantitative forecasting method that involves the systematic solicitation and collation of experts and general users on a particular topic through a set of carefully designed sequential questionnaires interspersed with summarized information and feedback of opinions derived from earlier responses. It deals with imprecision and subjectivity in the pairwise comparison processes. Considering the fuzziness in the decision data and futuristic decision making processes strengthens the comprehensiveness and reasonableness of the futuristic decision making processes. The methodology uses a range of values to incorporate decision makers' uncertainty. From this range, decision makers can select the values that reflect their confidence and also can specify their attitude like optimistic, pessimistic, or moderate.
The proposed method can provide solutions and guide for designers to expand their design alternatives. Results of applied example show the potential of the proposed FDAHP in MCDM. So it can help the designers and decision makers in acquiring more strong decisions, especially in automobile interior design material selection applications such as car dashboard. Results show that general criteria listed in Figure 4 are the most important set of criteria. Moreover, the financial, technical, social and environmental, and sensorial criteria are relatively important in subsequent ranks from 
